Abstract: Despite previous studies that consider the sharing and creation of knowledge as a prerequisite for innovation, we believe that in companies with high technologies such as nanotechnology, these three variables are in an interactive line and improvement of the scope of each variable will result in the improvement of the scope of other two ones. For this reason, after designing the questionnaire based on the literature and determining the sample size, finally, 134 questionnaires were collected from the activists of nanotechnology companies in Tehran, which constituted the final sample of the study. As a contribution to the present research, in-depth interviews of quality function deployment (QFD) model were conducted with seven managers of the study companies, who had agreed to participate in the study. Finally, 10 strategies including development of venture capital firms, introducing benefits of nanotechnology to society, adoption of the laws of intellectual property, and tax exemption were introduced for nanotechnology companies.
Introduction
In general, innovation can be defined as the implementation of discoveries, innovations and processes by which new outputs, be they products, systems or the processes of production, are created (Williams, 1999; Gloet and Terziovski, 2004) . The innovation process is largely dependent on knowledge, especially because that knowledge encompasses a wider area of data, information and normal logic. In fact, the power of knowledge lies in its intrinsic nature, basic values as well as assumptions, form the learning process (Nonaka and Takeuchi, 1995) . As the distinction between produced items, services and ideas decreases, knowledge acquires a more central role in the organisation (Davenport and Prusak, 1998) .
On the other hand, in the era of an innovative economy, the speed of sharing of information and knowledge makes the actors of this stage reconstruct and adapt continuously. Moreover, breaking the traditional boundaries in the value chain requires that companies to think of how they should enter the market, what needs do they have, and how they could connect to suppliers and customers. In the past and old economy, the lack of information used to cause the creation of value to occur through knowledge speculation, but changes towards innovation in the values have broken down these features. Information asymmetry still exists.
A company can create competitive advantage through superior products and more information about customers. However, in an environment that is full of information, information asymmetry just is a transient and less reliable advantage compared to the past (Davenport et al., 2006) . Knowledge-based outlook states that operation and knowledge assets management are vital for the survival and prosperity of the organisation and are like key value-creator differentiators for resources and competitive advantages of the company (Cavaliere and Lombardi, 2015) . However, knowledge is not merely a stream of messages, but it is an inducer of how to do, experience and interpret things. Given this, duplication of knowledge assets is difficult. This issue, on the one hand, makes its transfer difficult, and on the other hand, makes them as valuable resources for competitiveness, especially for high-tech firms. However, for being more valuable, knowledge should spread across the company levels and it can increase by sharing. By sharing knowledge, staffs make ideas, skills and methods of accomplishing work available within the organisation (Van den Hooff et al., 2012) . This way, by providing mutual assistance, they help each other to solve problems and create ideas, and because of its potential for transforming individual knowledge into collective and organisational knowledge, it receives increasing attention from researchers (Suppiah and Sandhu, 2011; Cavaliere and Lombardi, 2015) . There is no doubt that there is a level of knowledge creation and innovation in any organisation. However, when the basis of a knowledgebased company is on innovation and knowledge creation, especially those active in a high-tech industry, do the organisation's view towards knowledge and innovation as well as improving its factors will be the same with that of other organisations?
Access to emerging technologies such as nanotechnology and biotechnology, new energies and so on has a growing trend in the scientific and technological development of countries and their role and status have drastically grown in recent years. Likewise, in recent years, much attention is paid to the formation and development of emerging technologies in Iran, which is well evident in fields such as institutionalising, policy making and planning. Nanotechnology is one of these emerging areas that since 2001, special attention is paid to its development in Iran at the national level (Mohammadi et al., 2013) . In the field of nanotechnology, unlike many industries, there is a comprehensive program for the development of this technology in Iran, and an invisible chain connects all active companies in this area to each other and the comprehensive country plan affects their activities. Therefore, knowledge sharing within and among companies seems to be highly necessary, so that the national innovation system (NIS) in subparts obtain the necessary dynamics. However, companies in distributing what they have learned and what they hold as their valuable knowledge are sceptical because it may mean the loss of their power. At the same time, as Suppiah and Sandhu (2011, p.463) states knowledge sharing is possible only through active participation and cooperation of the knowledge owner. Accordingly, it is necessary that organisations identify the needed contexts for improvement of themselves in this line so that to decrease knowledge heterogeneity among subsidiaries of National Innovation System and provide the homogenous knowledge needed for the development. According to the above problem, this research will identify aspects that Iranian nanotechnology companies have weaknesses in combining knowledge and innovation and financial and spiritual resources of National Innovation System should first focus on those dimensions to improve them.
Knowledge management
Knowledge management is a systematic process including finding, selection, organisation and presentation of information that improves the learning of a subject for an individual. Knowledge management helps an organisation to manifest its experiences and skills (Yousefi et al., 2011) .
Knowledge management process includes the following steps:
• Creating knowledge: knowledge derives from experience and skills of staff. Knowledge is created by individuals through identifying new ways of doing works or development of science. Sometimes if there is no knowledge in organisation, external knowledge enters the organisation.
• Knowledge recording: created knowledge must be stored in its original form in databases. Many organisations use a variety of resources for recording and storing the knowledge.
• Knowledge refinement: new knowledge must be placed on a background that can be used in practice so that the human insight or tacit knowledge can be stored and modified together with explicit knowledge.
• Knowledge dissemination: knowledge should be available to everyone in an organisation so that one can use it at any time or place as he/she needs it.
• Knowledge application: in general, organisational knowledge must be used for enhancement of products, services, and processes of organisation. If an organisation cannot easily identify the right form of knowledge in the right place, it will undergo difficulty in competitive areas (Yaghoubi et al., 2010) .
Knowledge sharing
Organisational knowledge exists not only in documentations but also in organisational processes, practices and norms and is classified into two categories: explicit knowledge, and tacit knowledge. Explicit knowledge is often in the form of tangible data, documentations, reports, letters, catalogues, formulas and the like that are often impersonal, formal, written and the possibility of its sharing with others is easy. In contrast, tacit knowledge refers to abilities, developed skills, experiences and undocumented processes, internal emotions and so on, which are more personal and writing them is more difficult. Personal knowledge has its roots in personal experiences and values (Holste and Fields, 2010) . Therefore, extracting it from the minds of people and its recognition is a complex process, which makes its sharing with other people difficult (Aghaz and Negin Taaji, 2012) . This kind of knowledge is learned during a long period of time and cannot easily be transferred to others. It is very important for organisations to convert complex and tacit knowledge to explicit knowledge so that people in different levels and parts can transfer it from one part to another. Before being used at an organisational level, knowledge should be shared and distributed throughout the organisation. Therefore, many scholars believe that knowledge sharing is the most important factor for the success of knowledge management and they define it as the voluntary dissemination of experiences and skills gained in the organisation. Sharing knowledge refers to a process by which knowledge changes into a form that can be understood and leaned by others (Hong et al., 2011) . Knowledge sharing is a bridge between knowledge of individuals and organisation that can raise the capacity of absorption and innovation and results in the creation of competitive advantage (Aghaz and Negin Taaji, 2012) . When implementing and researching knowledge sharing, several challenges emerge, among which one of the most critical ones is organisational culture. Previous research shows the belief that organisational culture is one of the most important inputs in the field of effective management of knowledge and organisational learning. This result is consistent with the argument that knowledge-based processes are influenced by the social sphere in which they take place and thus a close connection is created between them through various interpretations that people have towards social interactions. In particular, culture is much likely to affect the top-down knowledge sharing processes as well as the extent and content of it (Cavaliere and Lombardi, 2015) . In previous research, knowledge sharing aspects included communication, managerial techniques, the progress of research and development, development of process/product, production process, and marketing skill/expertise (Jiang and Li, 2009 ).
Knowledge creation
Knowledge creation usually is seen as a complex and unmanageable process. While the desire of many organisations is supporting this particular process, and there have been many efforts to transfer knowledge to provide employees with more freedom for being more creative, organisation's knowledge in terms of knowledge creation is limited only to some aspects.
Knowledge creation processes can be realised by knowledge management systems such as cooperation tools and experts networks that are very useful for connecting individuals who might have a common interest in relation to an emerging idea. Discussion communities are used as a useful tool for finding ideas and opinions of different people (Habibirad, 2013) . In previous research, aspects of knowledge creation were introduced as motivation to create knowledge, new operational ideas, new ways to carry out tasks, new specific manufacturing technologies, new manufacturing special skills, and new marketing skills (Jiang and Li, 2009 ).
Innovation
There are many definitions for innovation in literature, but most of them have common plans in relation to the knowledge that can be used in products, processes and services to improve competitive advantage and to satisfy the changing needs of customers (Nystrom, 1990) . Carnegie and Butlin (1993) defined innovation as something that a business unit develops or improves to create high value added directly to the business unit itself or for its customer. Livingstone et al. (1998) defined innovation as new products or processes that increase the value and it includes everything from patents and newly developed products to innovative uses of information and human resource management systems. De Toni et al. (1998) in relation to the resources of innovation in management identified six innovation resources, whereas Drucker (1985) and Edquist (1997) identified seven and nine resources, respectively. Recently, continuous improvement and innovation management (CIMA) project has determined four enabling mechanisms that help the innovation and continuous improvement. These four mechanisms are capabilities, behaviours, possibilities, and levers (Gieski, 1999; Gloet and Terziovski, 2004) .
Moreover, researchers such as (Jiang and Li, 2009 ) have discussed innovative performance as the output of the sharing process and knowledge creation, and they have defined it as the participation in process innovation and production in the performance of the company. With this definition, the innovation performance of a company is determined by its innovative activities such as research and development costs, patents, and new products. For example, previous research has focused on the crucial effect of research and development costs on innovative performance (Chang, 2003) .
Research methodology
This study uses a modification of the hybrid method presented by Mirfakhredini et al. (2009) , in which some modifications are applied on the layout of the model to improve the knowledge status and innovation performance of nanotechnology companies. The present study in terms of purpose is applied, in terms of controlling variables is descriptive, and in terms of data collection is a field study. The population of the study included all student who were active in nanotechnology companies of Tehran (only experts), which were 193 students at the time of the study.
Generally, in behavioural science research, the most common methods of sampling include simple random sampling, systematic sampling, stratified sampling, cluster, and multi-stage sampling. To determine the sample size, Morgan Table was used that determined the sample size equal to 128. However, after distribution of further questionnaires in a period of three months and through multi-stage follow-ups, 134 full questionnaires provided for the analysis.
To collect the data required, we used the standard questionnaire proposed by Jiang and Li (2009) and after examining the reliability and validity of the questionnaire, we converted it to the Kano questionnaire, and finally, in-depth interview by QFD model determined the final improvement strategies. Validity and reliability of the questionnaire's items and dimensions are as follows. There are different techniques for determining reliability coefficient of the measurement tool, e.g., parallel method, split half method, Kuder-Richardson method and Cronbach's alpha. Cronbach's alpha when calculating internal consistency of measurement tool takes into account different characteristics of the questionnaire. In these tools, the answer could take a numerical value. Cronbach's alpha coefficient is used to measure the reliability of the questionnaire. In this kind of tools, the response can take numerical value. Cronbach's alpha is used to measure the reliability of the questionnaire. The results of the Cronbach's alpha test for the questionnaire of status quo of using IT are given in Table 1 . Since calculated Cronbach's alpha coefficient (α = 0.915) is greater than 0.65, it can be concluded that the reliability of the research questionnaire is at an acceptable level.
The most important question that should be asked about any type of measurement method is, how valid is that method? When we ask this question, in fact, we mean whether the measurement instrument measures the intended subject or not? If the answer is yes, to what extent does it measures accurately and precisely? Does it measure all what needed or do measure also other factors? In this study, factor analysis is used for this purpose. We performed factor analysis as follows:
• the correlation coefficient matrix of all variables was calculated and an intersection of correlated variables was obtained
• some factors are extracted from the correlation matrix, which the most common ones are the main factors
• selection and rotation of factors to make the factor analysis simpler and easier to understand.
As can be seen in factor loading table (Table 2) , factor loading of none of the indexes is less than 0.4 and thus should not be deleted. Researchers believe that if the number of questionnaires distributed is more than 150, factor loadings up to 0.340 can be accepted. With the confirmation of the reliability and validity of the questionnaire, now the aspects can be analysed based on Kano model. Listwise deletion based on all variables in the procedure.
Reliability statistics
Cronbach's alpha Number of items 
16

Data analysis
Analysis of Kano questionnaire based on the most frequency method
In this stage, questions enter the Kano model. After designing Kano questionnaire, first, the questionnaire was distributed among 17 experts of nanotechnology to resolve the potential ambiguities of the questionnaire. At this point, none of the questions was ambiguous. Table 4 shows the results of data analysis of Kano questionnaire based on the highest frequency method. It should be noted that 16 questions were analysed at this stage. In this method, we add a new column at the end of the results matrix and then we insert the most frequent responses related to each feature to the corresponding entry of the column (Shafiei and Olia, 2008) . Table 3 shows an example of the application of this method. Mirfakhredini et al. (2009) 
Notes about the questionnaire analysis based on the highest frequency
• If we had two answers for each feature that is two categories had the highest frequency or even the difference between the highest and the second floors were very close, it can be concluded that the information provided in questions for this feature is not enough. In this case, in order to classify it, providing respondents with more additional information to complete is necessary.
• If a significant number of responses related to a feature were allocated to Q, it would be better to temporarily remove this question from the category to correct the uncertainty caused to customers.
• If a large number of respondents gave answer R to a feature mentioned in the questionnaire, it would be deduced that their ideas about that feature are against that of question designer's. In order to correct these discrepancies, we can act in either of the following two ways. In the first case, for such questions, the place of favourable and unfavourable forms should be changed and the customer should be asked to answer the questions again. In the second case, based on the data collected so far, the place of questions and answers must be reversed (Kano's Methods for Understanding Customer-defined Quality, 1993).
Answers in Kano table are classified in six categories. In this table, M implies the required needs (must be), O represents one-dimensional features, and A represents the attractive characteristics of the product. These three features are the same three categories of the needs in the Kano model. Of the three other features, I refer to the cases in which when the client is almost despondent or indifferent about the presence or absence of a feature in the product (Indifferent features). Q indicates that client has not understood the question, or the information included in question is defective, or in other words, the client is doubtful about this measure. R comes when the favourable and unfavourable forms developed in the questionnaire are reverse in client's viewpoint and the client has an opposite view to that of questionnaire designer. Table 4 shows Kano evaluation table.
Table 4
Kano model results and classification of indices A  134  7  1  6  8  3  109  1  M  134  10  8  2  85  29  2  M  134  7  6  18  91  12  3  O  134  121  8  5  4  A  134  1  2  32  1  98  5  A  134  2  12  11  109  6  M  134  2  4  111  17  7  M  134  3  14  9  81  27  8  A  134  3  1  1  7  4  118  9  O  134  4  90  11  29  10  M  134  8  4  17  85  20  11  A  134  1  5  13  13  5  97  12  M  134  3  3  9  113  6  13  M  134  4  12  9  78  31  14  A  134  11  3  120  15  A  134  1  1  8  124  16 As the results show, seven factors are identified with marker M, which are actually the required needs for improvement. However, this point should not be forgotten that these requirements might already be in a good situation, and thus would not need to be improved. Therefore, the application of gap analysis approach seems to be necessary.
Kano results
Grade
Total I Q R O M A C.R
Mann-Whitney test and gap analysis
In this part of the study, we perform the gap analysis of expectations and perceptions of the experts of nanotechnology. Pathology of the gap between expectations and perceptions about the three aspects strengthens the originating of the poor state of some indicators from a misunderstanding of officials of nanotechnology companies. According to the results of Kolmogorov-Smirnov test, distribution of the collected data was not normal. Thus, we used Mann-Whitney's non-parametric test and the results are indicated in Table 5 . Mann-Whitney test examines the differences between uncorrelated pairs. Mann-Whitney test is the most widely used alternative for t-test with independent samples.
Table 5
The results of Mann-Whitney Given the error level of the test (5%), the significance levels in the table above prove that, overall, there is a significant gap between the current and the desired situations of the three aspects and the experts' expectations are not met. Nevertheless, with the results of this test, it cannot accurately be determined that which indices have gaps. The following table exactly shows indices that have a negative gap. It is worth mentioning that as we are only required to improve the must be requirements in the first stage, only four must be requirements can be specified with a negative gap, which is shown with a dark colour in Table 6 .
Determining improvement strategies using QFD model
As mentioned earlier, inputs of QFD model are critical indices from viewpoint of importance and performance, of which four indices are identified as model input in this study. Using opinions of seven expert managers of nanotechnology companies, who were familiar with subject of knowledge management and innovation, and after removal of common strategies, at this stage, 10 improvement strategies in accordance with Chart 1 identified. Then, the importance of each of these strategies, their impact on the critical indices, the difficulty of access to objective, the cost of achieving the objective, and absolute weight of each index were identified. As stated in the research literature, if QFD is used for the improvement of the quality of a product, it should go through two stages or two homes of quality. However, in service and non-manufacturing sectors, because of a long time it takes to complete this model using experts' views, in the time allocated to improve qualitative variables only one quality home can provide adequate results for the researcher. It should be noted that in previous studies, this model is frequently used as one-stage in non-manufacturing and qualitative sectors, e.g., organisational agility (Sazvar, 2010; Bottani, 2009) , and tourism (Tan and Pawitra, 2001) . Moreover, since completion of the model takes too time and is difficult, the participation of five people in this model is sufficient and the number of participants should be odd so that for each index, the number with the highest frequency to be inserted into QFD table (Sazvar, 2010) . In this study, seven experts cooperated with the researcher in the completion of this model.
Table 6
The gap between expectations and perceptions 
Discussion and conclusions
As can be seen in Figure 1 , the prerequisite of passing through improvement path is determining inputs of quality home, which based on the previous stages, four critical indices are identified as input, including managerial techniques, the progress of research and development, motivation to create knowledge, and research and development costs.
The first step is the identification of factors affecting the improvement of four input indices: at this stage, using opinions of seven experts (managers) of nanotechnology companies in Tehran, we identified 10 improvement strategies as follows, each of which can be effective in improving a number of input indices. There are several methods for extracting strategies from expert's opinions such as focus group or even one by one interview (separately). In the present paper, we used Delphi methods to gather the most proper opinions. So, first, we defined the problem for each expert (for example R7D expenditures) and using in depth interview, asked them to suggest the best strategies as a solution. During three rounds of interview, we selected several strategies but experts had a similar opinion about 10 strategies including:
• Creation nanotechnology venture capitals
• Human resources capability approaches
• National centralisation of R&D
• Introduction of Nano advantages to society
• International cooperation with pioneers of nanotechnology
• Promoting adoption of intellectual property
• Tax exemptions for nanotechnology companies
• Improving university-industry relations in the field of nanotechnology
• Short-term governmental aids
• Supporting of idea commercialisation process.
The next question is whether these strategies have a negative effect on each other or not?
The second stage is the roof of quality home: at this point, we have to examine the effect of these 10 strategies on each other. If two or more indicators have a negative effect on each other, one of them should be discarded. Using experts' opinions, as is also shown in the figure, there is no negative effect. It should be noted that high positive impact is shown with a positive circle and moderate positive impact is shown by positive mark.
The third stage is a degree of importance: in this stage, experts assigned each of four indices a number between 1 (very small) and 5 (very high) as their importance degree; its average is shown in the table. Moreover, the status of studied companies and foreign companies of nanotechnology in general (on the level of target countries), was obtained based on this scale, consistent with the views of these seven experts.
The fourth step is the impact matrix: in the matrix of the middle of quality home, the impact of each of 10 strategies on each of four indices must be identified. Number 9, 3 and 1 mean high impact, moderate impact and weak impact, respectively. In addition, empty homes indicate neutral impact. As can be observed, indices such as the creation of venture capital companies, competency attitude towards human resources and international cooperation with pioneers of nanotechnology through affecting all inputs have relatively high value.
The fifth stage is weights: below the quality home, the difficulty of achieving the strategies, their cost and also the status of companies studied and foreign competitors in their previous efforts for achieving these strategies should be determined and these numbers are also identified based on a 5-point scale. The relative weight and importance of indicators are obtained as sigma of multiplication of matrix of effects and matrix of importance of inputs. Output strategies can be prioritised based on several principles. For example, the roof of quality home can provide the researcher with important results. If one strategy has a positive effect on a greater number of strategies, it should be considered as a basic strategy, because by its implementation, in practice, other strategies also get close to their goals. It should be noted that the base of ranking of strategies could also be indices of the cost of achieving goals or difficulty in implementing a strategy. However, it should be noted that based on certain policies, a combination of both difficulty and cost indices could be used. The output of QFD model is a dynamic output so that at any moment with a look at the final model, managers can adopt new decisions based on new conditions. However, as previously stated, companies' active in the field of nanotechnology in Iran should not decide on an individual basis for the social and technological impact of this technology is so widespread and so widely affected by a wide range of indices that the lack of systemic look towards it can have a negative impact on society. 
